Introduction {#sec1-1}
============

A cervical spine injury occurs in 2%--3% of all blunt trauma victims.[@ref1] Injuries may range from minor ligament strains to complete fracture-dislocations resulting in severe spinal cord injury (SCI). Approximately two-third of all fractures, and three-fourth of all dislocations involve the subaxial cervical spine.[@ref2] The sixth and seventh cervical vertebra together account for 39% of all cervical spine fractures. The most common causes of cervical spine injury are motor vehicular accidents (41%), falls (27%), violence (15%), sports-related injuries (8%), and fall of a heavy object on the head.[@ref3][@ref4]

A SCI is seen in 1.3% of all blunt trauma victims.[@ref5][@ref6] Eighty percent of patients with associated SCI are males, and 40% are between 18 and 44 years of age.[@ref7] The C5--C7 region contributes to 60% of all SCI in patients with cervical spine trauma. Incomplete quadriplegia is found in 40% of patients with spinal cord involvement, complete paraplegia in 22%, incomplete paraplegia in 22%, and complete quadriplegia in 16%.[@ref6] The overall mortality rate from cervical spine injuries is approximately 6%.[@ref8]

The management of patients with cervical spine injuries involves three phases -- pre-hospital care, emergency in-hospital care, and definitive treatment. In countries such as the USA, improvements in patient retrieval methods, the use of effective restraints including airbags and enforcement of drunk driving laws has resulted in a lower incidence of SCI, and a higher proportion of incomplete rather than complete SCI.[@ref5] Improvement in prehospital and emergency in-hospital care has also resulted in an improved prognosis for survival and possibly even recovery from incomplete neurologic injury.[@ref6]

This study discusses current concepts in the in-hospital care of the patient including the clinical assessment, the radiological assessment, the neuroprotective strategy, closed reduction, as well as the indications for surgery and the surgical approach based on the pattern of injury.

Emergency In-hospital Care {#sec1-2}
==========================

The early in-hospital management includes hemodynamic stabilization which proceeds concurrently with a clinical and radiological assessment of the patient. During this period, immobilization of the cervical spine is a priority. It is estimated that 3%--25% of SCI are incurred after the initial impact.[@ref9] Immobilization of the cervical spine is done in the "neutral position," defined as the normal anatomic position of the head and torso that one assumes while standing and looking ahead. This is usually achieved by providing 1.5--5 cm of padding below the occiput when on the spine board.[@ref10] A rigid cervical collar should be used along with tapes to secure the patient at the forehead, thorax, and extremities.

The goals of emergency management are to:

Stabilize vital parametersLook for head/chest/long bone injuriesIdentify a cervical spine injuryLook for other spinal injuriesAssess the neurological statusAdministration of steroidsPerform appropriate imagingReduction of fractures/dislocations.

Stabilize vital parameters {#sec2-1}
--------------------------

All patients with a suspected cervical spine injury must undergo a primary survey as per the Advanced Trauma Life Support protocols.[@ref11] This includes clearance of airway, support of breathing, maintenance of circulation, assessment of disability (neurological status), and exposure. A severe cervical SCI may present with neurogenic shock (hypotension), bradycardia, and hypothermia. This should be differentiated from hypotensive shock where hypotension is accompanied by tachycardia. Hypoventilation occurs due to paralysis of respiratory musculature. Management includes giving a Trendelenburg position, intravenous (IV) fluids and if necessary, administration of inotropic agents such as dopamine or dobutamine (2.5--20 μg/kg/min). Bradycardia may need to be treated with IV atropine. Maintenance of blood pressure and oxygenation is vital to prevent secondary SCI. Neurogenic shock may take from 1 to 3 weeks to recover.

As hemodynamic stability is achieved, the patient goes through a secondary survey, which includes a detailed history and examination to ascertain the mechanism of injury and ascertain any underlying conditions such as ankylosing spondylitis, and medical comorbidities.

Look for head/chest/long bone injuries {#sec2-2}
--------------------------------------

Approximately 47% of spinal trauma victims have associated injuries.[@ref12] Hyperflexion and axial compression of the cervical spine associated with vehicular accidents or falls may result in concomitant head injuries in 35% of patients.[@ref13] Chest injuries are seen in 24% of patients, and extra-spinal fractures to ribs, sternum, clavicle, scapula, mandible, etc., occur in 28% of patients.[@ref14]

Vertebral artery injuries (VAIs) occur in 17%--46% of non-penetrating cervical spine trauma.[@ref15][@ref16][@ref17] Injury to the cervical spine at multiple levels (73%) is more likely to cause VAI than single level injury (27%). Flexion-distraction and flexion-compression injuries are a frequent cause (19.7%) of VAI.[@ref18] Unilateral VAI is more common than bilateral involvement. Stretching or compression of the vertebral artery, are the mechanisms by which this injury can occur. Many of these injuries are asymptomatic and hence missed. Symptoms such as dysarthria, dizziness, diplopia, dysphagia, blurred vision, and tinnitus may appear immediately or even up to 3 months following the injury. Magnetic resonance (MR) angiogram is used to diagnose this injury in a symptomatic patient.[@ref19] In asymptomatic patients, no formal treatment is recommended. In symptomatic patients, the treatment options range from fibrinolysis with streptokinase to anticoagulation with heparin and warfarin to surgical treatment.[@ref20] When surgery is required for a dissecting vertebral artery, ligation of the injured artery proximal and distal to the site of lesion is recommended provided there is adequate collateral blood flow.[@ref21]

Identify a cervical spine injury {#sec2-3}
--------------------------------

The presence of point tenderness, bruising or hematoma, a palpable step, and restricted/painful neck movements help to diagnose a cervical spine injury. A laceration of the forehead may indicate an extension injury, and one on the occiput suggests a flexion injury. However, Duane *et al*.[@ref22] have reported limited sensitivity (77%) of clinical examination in diagnosing cervical spine fractures in patients with blunt trauma so that as many as 30% of cervical spine injuries are initially missed[@ref23] and up to 29% can develop secondary neurological deterioration.[@ref24]

To easily identify patients with significant cervical spine injuries who may benefit from radiographic assessment, the NEXUS study \[[Table 1](#T1){ref-type="table"}\][@ref25] suggests that in an awake, alert and asymptomatic patient, who is not intoxicated and does not suffer from any major distracting injuries or a focal neurological deficit, the absence of posterior midline tenderness is a sensitive (99.6%) predictor of the absence of a significant cervical spine injury. All symptomatic patients must undergo imaging.

###### 

Criteria established by NEXUS group to screen for patients with cervical spine injuries

![](IJOrtho-51-633-g001)

Look for other spinal injuries {#sec2-4}
------------------------------

The incidence of a second noncontiguous cervical injury or an injury elsewhere in the spine is 15%--20%.[@ref26][@ref27] Hence, the entire spine must be palpated and imaged to rule out a second spinal injury, especially in patients with neurological deficits who may not complain of pain below the level of the lesion.

Assess the neurological status {#sec2-5}
------------------------------

A thorough, accurate and well-documented neurological examination is absolutely vital. Periodic re-assessment should be done and compared to the baseline neurology to identify improvement or deterioration.

Patients with SCI often present with spinal shock. This results in loss of reflexes and sensorimotor function below the level of a SCI, and manifests as flaccid paralysis, including loss of bladder and bowel reflexes and anal tone. Spinal shock generally lasts for 24--72 h. Recovery from spinal shock is heralded by the reappearance of the bulbocavernosus reflex and the anal wink. Once the patient recovers from the spinal shock, a detailed neurological examination must be done and recorded.

The absence of voluntary motor function and sensations below the level of SCI, including the absence of sacral sparing, indicates a complete lesion. The sacral fibers at the periphery of the spinal cord are extremely resistant to injury, and hence may be spared from trauma. The presence of voluntary rectal tone, perianal sensations, and great toe flexion are indicators of sacral sparing. A complete lesion after the termination of spinal shock is unlikely to show significant neurological recovery. An incomplete lesion has a relatively better prognosis in terms of neurological recovery.

Role of steroids {#sec2-6}
----------------

In recent years, a number of neuroprotective agents have been extensively studied with the goal of limiting the secondary SCI. Most of these agents have failed to provide substantial benefit and are not recommended for routine use. However, glucocorticoids such as methylprednisolone have been widely used over the past few decades although their role in preventing secondary SCI is still controversial. They may help by minimizing local edema and improving spinal cord blood flow. High dose methylprednisolone (30 mg/kg bolus followed by a 5.4 mg/kg/h infusion) has been recommended for patients with SCI based on recommendations from the NASCIS II and III trials.[@ref28][@ref29] If the patient presents within 3 h of injury, steroids are administered for 24 h. For patients presenting between 3 and 8 h after injury, steroids are recommended for 48 h, and for those presenting after 8 h, steroids are contraindicated. In patients with isolated nerve root injury, penetrating injuries or gunshot wounds, steroids are not benseficial.

The methodology used and the interpretation of data from the two NASCIS trials have come under intense criticism in recent years.[@ref30] In both the studies, methylprednisolone did not show a significant benefit over placebo, and only post-study stratification into arbitrary groups showed an improvement in neurological outcome in patients treated within 8 h of injury. Hence, a number of centers have now discontinued the use of steroids in the management of SCI. The Spine Focus Panel[@ref31] however, continues to recommend the use of steroids based on its modest neuroprotective effect, its favorable risk-benefit ratio and the lack of alternative therapies.

Imaging {#sec2-7}
-------

The relative role of plain radiographs, dynamic X-rays, computed tomography (CT) scan, and magnetic resonance imaging (MRI) scan in the evaluation of a blunt cervical trauma is still evolving. Hence, the development of a standard protocol for their use is as yet controversial.

The standard imaging protocol has been a 3-view plain film series including lateral, anteroposterior (AP) and open mouth views. In addition, swimmers' view may be necessary to visualize the C7-T1 region which accounts for 17% of subaxial injuries[@ref2]. Increase in width of the prevertebral soft tissue shadow \[[Figure 1a](#F1){ref-type="fig"}\], loss of alignment on any of the three contour lines \[[Figure 1b](#F1){ref-type="fig"} - anterior, posterior, spinolaminar\], increase in the interspinous interval, reduction in disc space or vertebral body height, segmental kyphosis/translation and loss of alignment of the spinous processes on the AP view are indicators of a significant cervical spine injury. Inadequate plain radiographs and improper interpretation of images are the most common cause of missed spinal injuries.[@ref22]

![Lateral cervical spine x-ray showing (a) normal prevertebral soft tissue shadow (b) the three contour lines](IJOrtho-51-633-g002){#F1}

Dynamic views such as flexion extension films help to identify ligament damage by demonstrating abnormal translation/angulation. They are recommended in awake and alert patients with neck pain where plain films are normal. However, pain and spasm may prevent meaningful interpretation of the results, and there is also a danger of worsening the neurological injury.[@ref32][@ref33] CT scans help to define the osseous anatomy better. They are especially useful in identifying fractures of the posterior elements \[[Figure 2](#F2){ref-type="fig"}\] and injuries at the occipitocervical and cervicothoracic junction. Spiral CT has been found to have a sensitivity of 99% and specificity of 100%, with the risk of missed spine injury being 0.04%;[@ref34] whereas plain film radiography has a sensitivity of 70%.[@ref35] Besides CT scans can be done even on intubated patients. Hence, a number of institutions now routinely use CT scans over plain X-rays in trauma victims who may be at a risk for significant cervical spine injury.[@ref36]

![Axial computed tomography showing laminar fractures at C7 that were missed on plain X-rays](IJOrtho-51-633-g003){#F2}

MRI scans are extremely sensitive in identifying injuries to the spinal cord, the intervertebral disc and the posterior ligament complex (PLC)[@ref37] \[[Figure 3](#F3){ref-type="fig"}\]. Besides, they also show the severity of SCI and the direction of compression. However, they do not reveal osseous anatomy adequately. MRI scan is usually advised in any patient with the neurological deficit, or to identify the status of the ligaments, especially in unconscious/intoxicated victims of severe trauma. MR angiography and CT angiography are useful to identify VAI that may occur in up to 11% of cervical spine trauma.[@ref38][@ref39]

![Sagittal T2W MRI of cervical spine showing severe spinal cord contusion secondary to a C7 fracture with retropulsion](IJOrtho-51-633-g004){#F3}

Reduction of fractures/dislocation {#sec2-8}
----------------------------------

Reduction of dislocations and realignment of the spine is probably the single most important intervention in the emergency management that may alter long term neurological outcome by decompressing the neural elements. Hence, it is important to achieve a reduction as early as possible. Restoration of normal alignment also reduces the abnormal stretch of the ligaments and muscles, thereby reducing the pain. Gardner-wells skull tongs are preferred for reduction when the planned definitive treatment after reduction is operative. If nonoperative treatment is planned, then a halo is preferred which can be extended into a halo-vest for definitive nonoperative treatment. The halo has the advantage of multiple point fixation and hence can be used when larger weights are required for reduction or when a manipulative reduction is planned.

A rapid reduction is performed in an awake, alert patient in the Intensive Care Unit. For patients with a unifacet or bifacet dislocation,[@ref40] axial traction is applied through the skull tongs with the neck in 20°--30° flexion. A weight of 5 kg is initially applied to the skull tongs. Weights are then progressively added (2 kg every 10 min) until either the facet joints get unlocked or signs of over distraction are seen on X-ray. If there is any worsening of neurological symptoms/signs, then the procedure is abandoned. Once the facet joints are unlocked on the lateral cervical X-ray, then the neck is extended while maintaining the traction force. If the lateral X-ray confirms the reduction of the facet joint, then the traction force can be reduced. Usually, it takes between 12 and 30 kg and from 10 min to 3 h to achieve a reduction.[@ref41][@ref42] Rapid reduction is successful in up to 98% of patients with dislocation and has been reported to promote neurological recovery in patients in whom the reduction is achieved within 8 h of injury.[@ref43] The success rate is higher in pure dislocations than in facet fracture-dislocations and in bifacet dislocations as compared to unifacet dislocations.

Grant *et al*.,[@ref42] Star *et al*.[@ref43] and Vaccaro *et al*.[@ref44] have not observed neurological worsening when attempting closed reduction in awake, alert patients who can provide feedback regarding neurological status. Hence, they recommend immediate closed reduction based on the plain films rather than wasting critical time obtaining a MRI scan.

However, pre-reduction MRI scans reveal a 50%--80% incidence of disc disruption/herniation in patients with facet dislocations.[@ref42][@ref45] Eismont *et al*. have reported two cases of neurological worsening due to the posterior migration of pre-existing or fresh disc fragments with closed reduction under general anesthesia, and hence recommend a prior MRI.[@ref46] The middle path is that in awake, alert patients with severe neurological deficits, closed reduction should be performed immediately. In patients without neurological deficits, unconscious/intoxicated patient and in those presenting after 8 h from injury, MRI may be performed before performing a reduction.[@ref47] No clear consensus exists regarding performing closed reduction without prior MRI in awake, alert patients with incomplete deficits.

In an attempt to hasten the reduction process and reduce locked facets, manipulative reduction may be attempted using conscious sedation in the operation theater.[@ref48][@ref49] This is reported to be successful in about 90% of patients, but there is a small risk of worsening the neurological deficit.[@ref50]

In patients where closed reduction has been unsuccessful, emergency open reduction is recommended to realign the spine and decompress the neural elements. Some surgeons recommend an anterior open reduction be performed immediately in all patients with jumped facets based on plain films, even without an MRI.[@ref51] They argue that open reduction is the quickest method of realigning the spine and that an anterior approach ensures that any herniated disc fragments can be dealt with simultaneously so that MRI scans are unnecessary \[[Figure 4](#F4){ref-type="fig"}\].

![X-ray cervical spine lateral view showing unifacet dislocation of C5/C6 (b) Sagittal T2W MRI cervical spine showing large prolapsed disc (c) Fluoroscopic view at same level showing primary anterior open reduction, corpectomy and fusion with instrumentation](IJOrtho-51-633-g005){#F4}

Definitive treatment {#sec2-9}
--------------------

The goals of management of cervical spine injury are to

Provide a stable well-aligned spineMaximize neurological recoveryObtain early functional recovery.

Indications for Surgery {#sec1-3}
=======================

The decision regarding surgery or nonoperative treatment is individualized. However, indications for surgery can be grouped as follows:

Neurological {#sec2-10}
------------

The presence of a neurological deficit usually signifies mechanical instability. However, the mere presence of a neurological deficit should not be taken as an absolute indication for surgery. A classic example is a patient with a hyperextension injury and a central cord syndrome. Here, the spine is not unstable, but neither is surgical decompression usually indicated.

A complete neurological deficit by itself does not constitute an indication for surgery, as neuronal death cannot be expected to recover even after surgery. On the other hand, a progressive neurological deficit is a well accepted indication for surgery.

Surgery for a stable incomplete deficit with evidence of significant spinal canal compromise is controversial. While there is no unequivocal evidence that surgery improves neurological recovery, animal studies have shown that a contused cord is more susceptible to extrinsic compression than a normal spinal cord.[@ref52] Hence, the reduction in local tissue pressure by realignment of the spine or by direct surgical decompression of the spinal cord may promote neurological recovery by improving circulation/oxygenation.

The timing of spinal cord decompression is hotly debated. Animal studies have consistently shown improved spinal cord blood flow[@ref53] and better electrophysiological recovery following early decompression.[@ref52] Both La Rosa *et al*.[@ref54] and Fehlings and Perrin[@ref55] performed a meta-analysis to study the role of early decompression (\<24 h) in acute SCI. They reported that there is no Class I data supporting the role and timing of decompression in acute SCI. However, there is reasonable evidence (Class II data) that early surgical intervention is safe and effective, and that even delayed decompression may promote neurological recovery. They recommend early spinal cord decompression, especially in patients with incomplete or progressive neurological deficit whenever safely possible.

Instability {#sec2-11}
-----------

This is the primary indication for surgery, as an unstable spine has the potential to cause deformity and neurological injury. However adequately defining instability is difficult, especially when attempting to extrapolate the definition to assist in surgical decision making.

Holdsworth described a two column classification for spinal instability.[@ref56] He suggested that the posterior column including the posterior bony structures and the posterior ligaments was the key to maintaining stability, especially the ability to resist kyphosis. This concept of instability is most commonly accepted today.[@ref57] Denis[@ref58] described a three column concept of spinal stability where the middle column consisting of the posterior longitudinal ligament (PLL), the posterior one-third of the vertebral body and the intervertebral disc was the key to stability. Injury to any two columns was deemed unstable. White and Punjabi developed a scoring system to assist in the estimation of spinal instability.[@ref59] Points are given based on the competence of the anterior and posterior spinal elements, the extent of static and dynamic displacement (including the stretch test), the presence of neurologic injury, and the anticipated physiologic loads to which the spine subsequently would be subjected. As a thumb rule, an injury is unstable if either all the anterior structures or all the posterior structures are injured. Injury to the disc and ligaments heal poorly and are prone to delayed instability.

The Holdsworth two-column concept of spinal stability forms the basis of two widely used classifications that help decision-making in cervical spine injuries namely; Allen\'s classification[@ref60] and the more recently described Subaxial Injury Classification.[@ref61] Allen described a comprehensive classification based on the injury mechanism as analyzed on plain radiographs. The criticism of this classification has been that it interprets injuries predominantly in one plane of motion and rotational injuries are not included. Although a spectrum of relatively more severe injuries is included in the classification, more subtle injuries like spinous process fractures and injuries in spondylotic spines, ankylosing spondylitis are not considered. In addition, it is very exhaustive, and there is a wide inter-observer variability.[@ref62] This classification is discussed in detail later in this article.

To provide a more objective method of decision making regarding the need for surgery and the surgical approach, the Spine Trauma Study Group has recently described a classification \[[Table 2](#T2){ref-type="table"}\] based on the injury morphology, the integrity of the PLC, and the severity of the neurological deficit. Each of these three categories is assigned a score which when summed up provides an injury severity score. Treatment decisions are then made based on the threshold values of the score. All three categories have shown good to excellent reliability and validity, except for the disco-ligamentous injury, which had lower inter and intra-observer agreement.

###### 

Subaxial cervical spine injury classification scale as described by the Spine Trauma Study Group

![](IJOrtho-51-633-g006)

The AOSpine Knowledge Forum group has come up with a new classification system for cervical spine injuries.[@ref63] It has been broadly categorized into three groups \[Figures [5](#F5){ref-type="fig"}--[8](#F8){ref-type="fig"}\] according to the nature/mechanism of injury. Additional modifiers (M1--M6) that were thought to be important enough for inclusion, but that may not be relevant to every case, are to be used on an as-needed basis to assist the physician in deciding treatment. Consideration has been given for various degrees of neurological impairment (N0--NX). It includes:

![AOSpine Knowledge Forum Cervical Spine Classification System. Compression injuries](IJOrtho-51-633-g007){#F5}

![AOSpine Knowledge Forum Cervical Spine Classification System. Distraction injuries](IJOrtho-51-633-g008){#F6}

![AOSpine Knowledge Forum Cervical Spine Classification System](IJOrtho-51-633-g009){#F7}

![AOSpine Knowledge Forum Cervical Spine Classification System](IJOrtho-51-633-g010){#F8}

Type A: COMPRESSION injuries (injuries with intact tension band)Type B: DISTRACTION injuries (tension band injuries without translation)Type C: TRANSLATIONAL injuries.

Spinal deformity {#sec2-12}
----------------

Most cervical injuries with a significant deformity would require surgery either for instability or for neurology. However, burst fractures due to axial compression could be stable because the posterior ligaments are intact and also present without neurological deficit. While some of these can be treated with a cervical orthosis, others may have significant kyphosis that merits surgery to limit adjacent segment degeneration and pain in the future.

Special situations {#sec2-13}
------------------

Patient factors to be considered include concomitant injuries, noncontiguous spinal injuries, smoking, co-morbidities, and the ability to realistically treat an injury non-surgically (e.g., the morbidly obese patient who cannot be fitted adequately for a halo brace).

Selection of Surgical Approach {#sec1-4}
==============================

The immediate aims of surgery are to realign the spine, decompress neural elements and provide mechanical stability. This can be achieved by an anterior decompression (discectomy/corpectomy) and instrumented fusion, a posterior stabilization with or without decompression and a combination of the two approaches. The decision regarding approach selection is based primarily on the morphology of the injury.

In 1982, Allen classifiied[@ref60] injuries based on the type of force causing the injury (compression/distraction), and the position of the head at the time of trauma (flexion/extension/neutral) \[[Figure 9](#F9){ref-type="fig"}\]. Six different injury types are broadly described and based on the severity, a spectrum of injuries is described within each type to aid surgical decision making. The six types are flexion compression (21.8%), extension compression (24.2%), vertical compression (VC) (8.5%), flexion distraction (36.9%), extension distraction (5.6%), and lateral flexion (LF) (3%). The risk and severity of neurological injury increase with increasing stage within each type of injury. This classification has shown to be a good predictor of neurological outcome.

![A diagrammatic representation of the forces acting on the cervical spine](IJOrtho-51-633-g011){#F9}

Vertical compression injuries {#sec2-14}
-----------------------------

An axial load applied to the spine in the neutral position results in loading of the anterior column leading to failure of either the intervertebral disc, or the vertebral body. Failure of the disc may result in disc herniation. However, more commonly the end plates fail before the disc, and the disc material implodes into the body through the broken end plate. Depending on the severity of the injury, a variety of fracture patterns are seen within the vertebral body[@ref60] \[[Figure 10](#F10){ref-type="fig"}\].

![Diagramatic representation of stages of a vertical compression injury- (a) Superior or inferior end plate fracture (b) Both end plates fractured, (c) Burst fracture with intact PLC](IJOrtho-51-633-g012){#F10}

VC Stage 1 and 2 injuries represent a stable fracture of either the superior or inferior end plate or both end plates without any PLC injury. Both the anterior and posterior vertebral wall height is symmetrically reduced resulting in a cupping deformity of the vertebral body. There is no retropulsion or translation and only minimal local kyphosis. Neurologic deficits are rare. Most such injuries are treated with external immobilization for 8--12 weeks.

VC Stage 3 injuries are burst fracture of the vertebral body with variable comminution, loss of vertebral body height, and retropulsion of fracture fragments that may result in spinal cord compression and neurological deficit. Often the neurologic injury is much worse than the compression observed on imaging because the maximum retropulsion occurs at the time of impact.[@ref62][@ref64] The PLC is usually intact. In neurologically intact patients, without posterior ligament injury or significant kyphosis, halo-vest immobilization for 12 weeks may be sufficient. However, Koivikko *et al*.[@ref65] reported better sagittal alignment, fusion rates, and neurological outcome following surgery compared to halo-vest immobilization for 69 patients with teardrop and burst fractures. The surgical procedure of choice is an anterior cervical corpectomy and instrumented fusion which allows decompression and provides mechanical stability[@ref66][@ref67] \[[Figure 11](#F11){ref-type="fig"}\]. In neurologically intact patients, posterior lateral mass/pedicle screw stabilization restricts the fusion to a single motion segment and hence may be preferred over an anterior fusion.

![(a) X-ray cervical spine lateral view showing vertical compression fracture stage 3 (b) Sagittal T2W MRI cervical spine showing vertical compression (c) X-ray cervical spine lateral view showing surgical management of vertical compression Stage 3 injury with quadriparesis](IJOrtho-51-633-g013){#F11}

Compressive flexion injuries {#sec2-15}
----------------------------

These injuries are commonly seen following either a fall from height or due to the fall of a heavy object on the head. A compression force applied to a flexed cervical spine initially results in a compression failure of the vertebral body. More significant compression results in a posteriorly directed shear force that drives the posterior part of the Vertebral body into the spinal canal, disrupts the caudal disc and results in a tension failure of the PLC \[[Figure 12](#F12){ref-type="fig"}\]. The anteroinferior portion of the vertebral body breaks off in this process and forms a triangular fragment, known as a teardrop fracture.[@ref68] Two-thirds of the patients will have an associated sagittal split of the vertebral body and a bilaminar fracture.[@ref69]

![Line diagram showing stages of a compressive flexion injury (a) wedge compression, (b) anteroinferior beaking, (c) teardrop fracture, (d) Retrolisthesis of posterosuperior fragmet by \<3 mm, (e) Retrolisthesis \>3 mm](IJOrtho-51-633-g014){#F12}

Compressive flexion (CF) Stage 1 is a wedge compression fracture. CF Stage 2 involves a more significant loss of anterior vertebral height with localized kyphosis, also called as "beaking" of the vertebral body. The PLC is intact and there is no retropulsion of bone into the spinal canal. Neurologic deficit is uncommon. Treatment is nonoperative with a cervical orthosis for 8--12 weeks. Serial radiographs are taken to look for progressive loss of vertebral height or a missed ligament injury. Dynamic X-rays must be done after orthosis removal to confirm stability.

CF Stage 3 represents a teardrop fracture with or without injury to the PLC. CF Stage 4 shows retrolisthesis of the posteroinferior edge of the vertebral body into the spinal canal by \<3 mm, whereas CF Stage 5 shows retrolisthesis of \>3 mm. There is almost always significant disruption of the PLC. A focal kyphosis is almost always present with circumferential soft tissue disruption. Quadrangular fractures[@ref70] are variants of CF Stage 5 with a large anteroinferior fracture fragment, significant posterior displacement of the vertebral body, angular kyphosis, disc disruption, and PLC disruption. This results in an apparent formation of two columns in the cervical spine with complete disruption of all discoligamentous attachments between them. The upper column consists of the posterosuperior body fragment with all the cephalad vertebrae, and the lower column consists of the anteroinferior fragment and all the caudal vertebrae. Neurological deficit is seen in 25% of CF Stage 3, 38% of CF Stage 4, and 91% of CF Stage 5 injuries due to retropulsion of bony fragments.[@ref60]

Fisher *et al*.[@ref71] reported less kyphosis and instability at followup in teardrop fractures treated with surgery as compared to halo-vest. Most teardrop and quadrilateral fractures are unstable, and are best treated with anterior corpectomy and instrumented fusion.[@ref72][@ref73] Additional posterior stabilization may be necessary to restore the tension band if there is severe posterior ligament injury (CF Stage 5), or if multilevel anterior corpectomy has been performed \[[Figure 13](#F13){ref-type="fig"}\]. Toh *et al*.[@ref74] compared anterior versus posterior stabilization for burst and teardrop fractures and found that anterior decompression and fusion restored spinal canal diameter by 60%, as compared with only 6% with posterior stabilization. If the spine can be realigned easily with traction, then a posterior stabilization alone may be performed in neurologically intact patients.[@ref75][@ref76]

![(a) CT scan cervical spine showing compression fracture C7 vertebral body (b) Sagittal MRI T2WI of cervicodorsal spine junction showing compression flexion injury with disruption of posterior ligament. This case was treated by anterior corpectomy, fusion and stabilization](IJOrtho-51-633-g015){#F13}

Distractive-flexion injuries {#sec2-16}
----------------------------

This is the most common injury pattern seen in the sub-axial cervical spine and commonly occurs in young males following motor vehicle accidents or after a fall. The most common level of injury is C6--C7, followed by C4--C5 and C5--C6.[@ref60][@ref77] This hyperflexion injury involves a distraction force that travels from posterior to anterior with the center of rotation lying anterior to the vertebral body. Initially, the posterior ligamentous/osseous structures fail in tension. Sometimes, a compression fracture of the vertebral body may occur secondarily. Injuries may range from facet sprains and perched facets to unifacet or bifacet dislocations[@ref60] \[[Figure 14](#F14){ref-type="fig"}\].

![Diagramatic representation of stages of distractive flexion injury: (a) flexion sprain, (b) unifacetal dislocation, (c) bifacetal dislocation with anterolisthesis \<50%, (d) anterolisthesis \>50%, (e) complete spondyloptosis](IJOrtho-51-633-g016){#F14}

Facet sprains (distractive-flexion \[DF\] Stage 1) involve posterior ligament and facet capsule disruption, but are often dismissed as innocuous injuries when viewed on a lateral supine film where the spine is in a reduced position. MRI may show facet widening with increased T2-weighted signal intensity in the posterior ligaments. Later they may present with pain and instability[@ref78] \[[Figure 15](#F15){ref-type="fig"}\]. These patients can be treated with rigid external immobilization for 8--12 weeks, with serial radiographs to look for sagittal malalignment, and dynamic radiographs at the end of treatment to rule out any instability. Alternatively, anterior cervical discectomy and fusion may be performed.

![(a) X-ray cervical spine lateral view showing flexion distraction injury missed at presentation, (b) X-ray cervical spine lateral view and (c) Sagittal MRI T2WI of cervical spine 7 days post injury showing disruption of posterior elements (d) x-ray cervical spine lateral view showing instrumented posterior stabilization](IJOrtho-51-633-g017){#F15}

Unifacet (DF Stage 2)/bifacet dislocations (DF Stage 3 and 4) are more severe injuries involving a tear of the supraspinous and interspinous ligaments, the ligamentum flavum and the facet capsule.[@ref79] The PLL may be disrupted or stripped off the posterior surface of the vertebral body. Varying degrees of intervertebral disc disruption is seen in almost 60% of the patients.[@ref42][@ref45] They are often associated with a facet fracture in the axial plane. The presence of a facet fracture reduces the probability of a successful closed reduction. Spinal cord or root injury is much more common with DF Stages 2, 3, and 4 (30%--90%).[@ref60][@ref80] Occasionally, the inferior lip of the inferior facet of the cranial vertebra locks onto the tip of the superior lip of the superior facet of the caudal vertebra resulting in significant kyphosis and distraction. This condition is known as perched facets.

Emergency treatment includes obtaining realignment of the spine in the shortest possible time. Reduction of the dislocation reduces compression of the neural elements and the abnormal stretch of the ligaments and muscles. This in turn reduces the patient\'s severe pain and also produces a milieu that halts further neurologic injury and may promote neurological recovery. Closed reduction of the dislocation can be performed using either cervical traction or by manipulating the neck under sedation. In the case of a failed closed reduction, open reduction is performed either anteriorly or posteriorly.

Conventionally, the posterior open reduction has been preferred.[@ref40][@ref81] Through a posterior midline incision, the spine is exposed subperiosteally up to the lateral gutter. Reduction can be achieved by manipulating the spinous processes with a towel clip or by applying a lamina distractor to obtain controlled distraction between the laminae and then extending the spine to obtain a reduction. However, the safest method is to excise the superior facet of the inferior vertebra which acts as a block to the reduction. Then, a pre inserted interspinous wire is gradually tightened to pull the dislocated vertebra back into alignment. Even a lateral mass screw-rod assembly can be used to restore alignment. The posterior approach is familiar to most surgeons and is almost certain to allow reduction of the dislocation in an acute setting. However, turning the patient into a prone position with an unstable spine can cause neurological worsening. The posterior reduction also carries a small risk of displacing a disc fragment that may result in postoperative neurological deterioration; hence, an MRI must be done before any posterior open reduction. If it shows a displaced disc fragment, then an anterior discectomy must be done before reducing the dislocation.

Anterior open reduction[@ref25][@ref82] \[[Figure 16](#F16){ref-type="fig"}\] involves an anterior retropharyngeal approach to the spine. The intervertebral disc at the dislocated level is then excised, and the neural elements are decompressed. In case the spine is kyphotic, it may be difficult to enter the disc space without excising the anteroinferior part of the vertebral body. Then by manipulation using a vertebral body distractor, the reduction can usually be achieved. In case the dislocation cannot be safely reduced, then it is advisable to turn the patient over and attempt a reduction from a posterior approach. The anterior open reduction is performed with visualization of the spinal cord, and hence, neurological deterioration due to displaced disc fragments is less likely.

![A diagramatic representation of a technique of anterior open reduction of facet dislocations. (a) insertion of distractor pins at a divergent angle to each other, (b) distractor pins made parallel to each other and distractor applied. Distraction done to unlock the facets, (c) gentle manual pressure is applied to push the cephalad vertebra back to obtain a reduction, (d) same maneuver can be performed using vertebral body spreaders or chisels in disc space. Adapted from: Ordonez BJ, Benzel EC, Naderi S, Weller SJ. Cervical facet dislocation: Techniques for ventral reduction and stabilization. J Neurosurg 2000;92 (1 Suppl):18-23](IJOrtho-51-633-g018){#F16}

Surgical stabilization is the preferred definitive treatment, especially when the posterior disruption is ligamentous or when there are facet fractures involving \>40% of the height of the lateral mass or with \>1 mm diastasis.[@ref83][@ref84] Both anterior and posterior approaches have shown good long term results.[@ref85] Conventionally, posterior stabilization has been preferred because it helps to restore the posterior tension band that is lost due to disruption of the posterior ligaments and muscles. Biomechanical studies have shown that posterior stabilization allows a more rigid fixation than anterior plates.[@ref86][@ref87] Besides the posterior approach is familiar, the reduction is easy and instrumentation can be easily extended over multiple levels if required. In osteoporotic bone, posterior stabilization offers better fixation than anterior plating. Posterior stabilization can be achieved using either interspinous or sublaminar wire as well as with lateral mass screws and plates[@ref88] \[[Figure 17](#F17){ref-type="fig"}\].

![A diagramatic representation of cervical spine showing different techniques of posterior stabilization - (a) Roger\'s interspinous wiring (b) Bohlman\'s triple wiring technique (c) lateral mass stabilization](IJOrtho-51-633-g019){#F17}

Interspinous wiring techniques such as the Rogers technique and the Bohlman\'s triple wiring technique have been commonly used for posterior stabilization in patients with cervical trauma. They offer little stability in extension, lateral bending, and axial rotation and hence, the fixation needs to be protected in a brace or a halo-vest until fusion.[@ref89] Lateral mass fixation is the preferred method of stabilizing the spine.[@ref90][@ref91] It offers more rigid fixation than wires in all planes, and it can be performed even when the posterior elements are fractured or excised. It allows a large central area for bone grafting. Unlike wires, lateral mass fixation can easily be extended cephalad and caudad. Besides lateral mass fixation has a much lesser chance of causing neurological injury than sublaminar wires.

Anterior stabilization[@ref92] is performed in the supine position so that there is less danger of loss of reduction when positioning the patient. The approach is through tissue planes and hence less bloody. Decompression is direct following which a large interbody graft can be inserted to restore continuity of the anterior column. However, the anterior plate is a buttress plate applied to the compression surface of the cervical vertebra. Hence, it fails to withstand significant shear forces resulting in loss of fixation with secondary instability \[[Figure 18](#F18){ref-type="fig"}\] in up to 13% of patients.[@ref93] Loss of fixation is correlated with the presence of associated facet or vertebral body fracture, severe osteoporosis, and poor neuromuscular control.

![X-ray of cervical spine lateral view showing (a) flexion distraction injury C4 and C5 (b) anterior stabilization done (c) failure of anterior plates stabilization](IJOrtho-51-633-g020){#F18}

Occasionally, it may be difficult to reduce bilateral facet subluxations. Special maneuvers may be needed to achieve a reduction in these cases. Casper distraction pins may be inserted into the vertebral bodies with the shaft positioned at a divergent angle of 10°--20°. Bringing the pins into parallel orientation and placing them in the distractor, followed by controlled distraction, often results in disengagement of the facets. The rostral level is then translated dorsally with the application of moderate pressure, to restore alignment.[@ref82]

Unilateral subluxations are more difficult to reduce than bilateral subluxation.[@ref82] The distraction pins should be applied at a divergent angle in the coronal plane to allow the rotational deformity to be corrected after reduction. Alternatively, a vertebral body spreader may be inserted into the disc space. Distraction is done along with rotation of the spreader rostrally to achieve alignment.

Compressive-extension injuries {#sec2-17}
------------------------------

A fall from a height or even domestic falls may result in a direct blow to the forehead or the face resulting in a compression force being applied to an extended cervical spine \[[Figure 19](#F19){ref-type="fig"}\]. The axial loading of the posterior spinal elements results in unilateral (compressive-extension \[CE\] Stage 1) or bilateral (CE Stage 2) fractures of the vertebral arch at one or more levels.[@ref60] These are stable injuries and are commonly treated nonoperatively with a rigid cervical orthosis for 12 weeks. Occasionally, unilateral fractures of both the pedicle and the lamina may occur resulting in a dissociation of the lateral mass, \[[Figure 20](#F20){ref-type="fig"}\] and a rotary listhesis which requires stabilization.

![Diagramatic representation of stages of a compressive extension injury: (a) unilateral vertebral arch fracture (b) bilateral vertebral arch fractures, (c) bilateral vertebral arch fractures with anterior extension of the fracture, but spinal alignment maintained, (d and e) dissociation between anterior and posterior vertebral columns with progressive anterior translation](IJOrtho-51-633-g021){#F19}

![(a and b) X-ray cervical spine anteroposterior and lateral views showing compressive extension Stage 1 injury- a lateral mass dissociation with rotary listhesis (c and d) CT scan showing a lateral mass dissociation with rotatory listhesis](IJOrtho-51-633-g022){#F20}

With further extension or increased loads, the center of rotation of the extension moment shifts anteriorly and inferiorly resulting in a shear force that travels anteriorly, obliquely across the vertebral body or the disc rendering the spine unstable.[@ref94][@ref95] The spinal alignment is maintained in CE Stage 3 but there is a progressive anterior translation of the cephalad spinal column in CE Stage 4 and 5. In Stage 4 and 5, there is the formation of a 2 column spine with the lack of continuity between the cephalad and caudad spine. This injury is most common in the lower cervical spine. In spite of the larger force required to cause the more severe injuries, the incidence of neurological deficit is low because of auto-decompression resulting from the separation of the anterior and posterior elements. While Stage 3 injuries can be managed nonoperatively in a halo-vest,[@ref96] Stage 4 and 5 injuries require surgical stabilization to restore spinal stability. Sagittal alignment can be restored with careful preoperative or intra-operative traction. Multilevel posterior lateral mass or pedicle screw fixation is the preferred option. In the case of significant vertebral body comminution, additional anterior reconstruction may be required to restore the load-bearing mechanics. Anterior stabilization alone is inadequate to neutralize the large shear forces involved.

When extension injuries occur in elderly patients with preexisting cervical spondylosis, there is a severe momentary compression of the spinal cord between the ligamentum flavum and the anterior osteophytes at the time of impact. This often result in a selective injury to the central spinal cord called the "central cord syndrome" \[[Figure 21](#F21){ref-type="fig"}\], wherein the neurologic deficit is worse in the upper extremity as compared to the lower extremity.[@ref97] The prognosis for recovery is generally good although the patients may have significant residual hand dysfunction and variable spasticity.[@ref98][@ref99] If there is any instability or malalignment, then surgical stabilization is indicated. The debate is whether a spinal canal decompression is necessary, and if so the timing of decompression is also controversial.[@ref100] Guest[@ref101] reported that decompression within 24 h of injury for traumatic central cord syndrome secondary to cervical fractures or acute disc prolapse is safe and promoted greater motor recovery than delayed decompression. However, if the central cord syndrome is associated with cervical spondylosis or stenosis, then the neurological recovery was not appreciable. However, Lenehan[@ref100] reported that early surgery (\<24 h) is safe and produced better neurological recovery in patients with cervical spinal stenosis and traumatic central cord syndrome without instability.

![(a) CT scan cervical spine sagittal cut and (b) Sagittal MRI T2WI showing extension injury in spondylotic spine (c) X-ray cervical spine lateral view showing instrumented decompression. Central cord syndrome due to extension injury in spondylotic spine. Decompression done within 24 h](IJOrtho-51-633-g023){#F21}

Distractive-extension injuries {#sec2-18}
------------------------------

These injuries occur following high-velocity vehicular accidents or following trivial falls in patients with pre-existing ankylosing spondylitis, diffuse idiopathic skeletal hyperostosis (DISH) or severe cervical spondylosis. Facial injuries are common. The spinal injury is often highly unstable and may be associated with a significant neurologic deficit.

When a distraction force is applied to an extended cervical spine, the resultant injury progresses transversely from anterior to posterior resulting in sequential disruption of the ALL, the intervertebral disc, followed by the PLL, and in the end either a distraction failure of the PLC, or a fracture of the posterior bony elements,[@ref60][@ref94][@ref102][@ref103] \[[Figure 22](#F22){ref-type="fig"}\]. Distractive-extension (DE) Stage 1 signifies an injury where the PLL is intact, and the injury is confined to the anterior column without any retrolisthesis \[[Figure 23](#F23){ref-type="fig"}\]. The transverse disruption of the anterior column may traverse through the disc, or may result in avulsion of the anteroinferior corner of the vertebra (extension teardrop fracture). A DE Stage 2 injury is extremely unstable due to the failure of the PLL with retrolisthesis of the cephalad vertebra which may result in spinal cord compression between the posteriorly displaced vertebra and the anterosuperior lamina of the next caudal vertebra. These injuries are stable in flexion and hence often missed when radiographs are obtained in a supine patient. Furthermore, the distorted anatomy in patients with ankylosing spondylitis or DISH makes radiographic interpretation difficult.

![A diagramatic representation of stages of distractive extension injury (a) Distraction injury of the anterior column but PLL intact, (b) Distraction injury involving both columns with PLL torn](IJOrtho-51-633-g024){#F22}

![(a) X-ray cervical spine lateral view (b) CT scan sagittal cut (c) Sagittal MRI T2WI showing distractive extension Stage 1 injury with disruption of the anterior longitudinal ligament and intervertebral disc along with posterior element fractures. Was treated with anterior discectomy and fusion](IJOrtho-51-633-g025){#F23}

When treating these injuries in patients with ankylosing spondylitis, the patient is propped up on pillows to recreate the pre-injury spinal alignment. Positioning the patient in hard collars may cause further extension and result in a worsening of the neurologic deficit.[@ref104] Application of traction for realignment of the spine can result in over distraction and worsening of the neurological deficit. The spine is best realigned in the flexed position.

Definitive treatment can be either a halo-vest immobilization or a surgical stabilization.[@ref105] In patients with significant preexisting deformity, elderly patients and patients with a neurologic deficit, a halo-vest is difficult to maintain. Hence, surgery is usually preferred.[@ref96] For DE Stage 1 injuries, anterior cervical fusion with plating is the treatment of choice, especially if the failure is purely discoligamentous. DE Stage 2 injuries are highly unstable and require posterior reduction with stabilization followed by an anterior fusion if necessary. In patients with ankylosing spondylitis, anterior stabilization alone is avoided because the osteoporotic vertebral bone affords poor fixation. If the spine gets realigned with gentle traction applied to the flexed neck, then multilevel posterior instrumentation may be adequate. However, if spinal realignment cannot be achieved, then posterior instrumentation is done along with an anterior decompression and instrumented fusion[@ref97] \[[Figure 24](#F24){ref-type="fig"}\]. Some surgeons recommend using the fracture to achieve deformity correction.;[@ref106] However, this carries a significant risk of developing a neurologic deficit.[@ref107]

![(a) Fluoroscopic view (b) Sagittal MRI T2WI (c) X-ray cervical spine lateral view showing distractive extension Stage 2 injury in a patient with ankylosing spondylitis-treated with circumferential stabilization](IJOrtho-51-633-g026){#F24}

Lateral flexion injuries {#sec2-19}
------------------------

With the head flexed to one side, any compression force applied would result in an asymmetric fracture of the vertebral body and a unilateral fracture of the posterior elements with the fracture line lying in the sagittal plane (LF1). Neurological injury is uncommon. Most LF1 injuries are treated nonoperatively. A more severe lateral bending injury (LF2) would result in avulsion of the contralateral posterior ligaments which is seen as facet joint widening on the AP X-ray \[[Figure 25](#F25){ref-type="fig"}\]. LF2 injuries are frequently associated with avulsion of nerve roots or the brachial plexus.[@ref60] For LF2 injuries posterior stabilization can be done with the goal of fusing only one motion segment whenever possible.

![Diagramatic representation of stages of lateral flexion injuries (a) ipsilateral posterior elements involved, (b) contralateral posterior elements involved](IJOrtho-51-633-g027){#F25}
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